Tabarelli 2000, Rybicki & Hanski 2013 , Hagen et al. 2012 , the remnant fragments are also proven to 7 5
hold an important fraction of biodiversity (Barlow et al. 2007 , Sekercioğlu et al. 2007 , Bongers et al. 7 6 2015 . The pool of species and interactions persisting in forest fragments is formed by a non-random 7 7
subset of smaller-sized species while the whole spectrum of sizes found at the landscape level can only 7 8
occur in large, more pristine areas (Morante-Filho et al. 2015 , Emer et al. 2018 . Such local 7 9
assemblages configure local networks of interacting partner species whose structure may be affected by Here we aim to understand how the reduction of habitat through landscape fragmentation 1 2 3 affects the structure of tropical seed-dispersal networks. We gathered data of avian-seed dispersal 1 2 4
interactions located in 16 fragments of the Atlantic Forest, a highly diverse and threaten tropical biome Because the number of bird-seed dispersal interactions in forest fragments is selectively reduced generalist interactions will lead to changes in network structure towards higher nestedness and lower 1 3 5 specialization, with the concentration of interaction links within a few dominant species. We compiled 16 studies of avian plant-frugivore interactions sampled at the community level along the 1 4 0
Atlantic Forest biome, a hotspot of biodiversity highly threaten by increasing human pressure (Ribeiro Table S1 ). The study areas varied from 0.66 to 42,000 ha, in a plant dispersal events, such as seed predation. In the particular case of parrots we excluded them from frugivore bird species j. Changes in network structure were assessed by estimating the following non- (i) the number of bird species (A); community we calculated the fragment area (ha), the functional connectivity, and the average isolation. calculation of the landscape metrics. The maps had 50 m spatial resolution for Albers Equal Area Likewise, for each studied community we estimated the intensity of defaunation relatively to the 1 8 7 regional pool of species expected for the Atlantic Forest biome. To do so, we calculated the difference 1 8 8
between the sum of all bird body masses at the regional landscape scale (considering all frugivore bird 1 8 9
species present in the Atlantic-Frugivory database [Bello et al 2017] as a proxy for the regional pool of 1 9 0 species) and the summed body masses of the birds that were recorded interacting with fruits in each 1 9 1 fragment. Defaunation is based only on the presence/absence of species in a given fragment. To understand whether and how the structure of avian seed-dispersal networks is affected by habitat present the coefficients of each predictor and the variance explained by the optimal linear model. Last, 2 1 7
we used two different but complementary null models to test for changes in nestedness and H2 2 1 8 specialization independent of network size by fitting standardized z-scores in the same model structure family level) that interact with 175 frugivore bird species. We recorded a total of 7637 interactions and fragments of the Atlantic Forest. The mean frequency of interactions per fragment (472.4 ± 363.4) was 16 times greater than the dispersal between three fragments; Fig S1) . However, most of the events of seed-dispersal by frugivore 2 4 2 birds were rare given that 64% of the interactions occurred only once across the studied fragments Fig.   2 4 3 S1).
4 4
We found significant species, interaction-and network-area relationships (Fig. 2, Table 1 ).
4 5
First, the number of bird and plant species decreased significantly with fragment area. Second, both the 2 4 6 number of bird seed-dispersal interactions and the mean number of links per species were negatively 2 4 7 affected by the reduction of fragment area. And finally, network nestedness showed a positive and 2 4 8 significant relationship with increasing fragmentation when controlling for sampling intensity while 2 4 9 specialization showed a tendency to decrease as area is lost, even though the variance explained by this 2 5 0 model was quite low. When network size was controlled for by the use of the null models, only 2 5 1 sampling intensity explained changes in network nestedness and H2' specialization (Table S3 ). 2018) suggests that the Atlantic Forest is losing specific ecological functions, which may trigger 2 7 2 medium to long-term functional homogenization of interactions throughout the landscape (Olden et al. habitat fragmentation may support our a posteriori hypothesis of functional homogenization potentially The increasing nestedness of the structure of the bird-seed dispersal networks indicates that the 2 7 9
communities in smaller area fragments are predominantly formed by a core of generalist species that 2 8 0 interact with a sub-group of more specialist ones, while there is a lack, or at least a reduction of, 2 8 1 specialist-specialist interactions. In other words, the reduced pool of species in smaller fragments are 2 8 2 likely to be increasing their generalization in terms of mutualistic partners, and using whichever influence of sampling intensity on network nestedness when null models were used for. In turn, network specialization, which was not significantly affected by habitat reduction, 2 9 1 indicates that even though fragmentation negatively affects network size, the way the remaining species 2 9 2 interact in terms of the diversity of partners is similar between small assemblages of bird and plant food resource provided by the plants to the birds, or the seed dispersal service promoted by the birds to 2 9 7 the plants, are not affected by the loss of area in smaller sized fragments. It suggests that network 2 9 8 specialization in terms of niche partitioning is driven by different mechanisms other than habitat area Schleuning et al. 20144, Mello et al. 2015) . The presence of naturalized alien species in the system, resource for the bird community may be impoverished. other anthropogenic impacts such as hunting and logging, which frequency and intensity of occurrence demonstrating whether or not interactions-and network-area follow the same rules are rare (but see influence some parameters of the network structure, but not all, at least in our study system with plant-3 2 0 frugivore interactions. Furthermore, the persistence of some metrics and the changes in others may suggest that the stability of complex system depends on the parameter and the system analysed (May the loss of complexity and gain of generalisation of the networks following habitat loss may provide 3 2 5
further evidence for an overall theory of NARs. We thank Carolina Bello to provide the map used in Figure 1 and Carolina Carvalho for statistical Technological Development (CNPq). Upon acceptance, the dataset used in this manuscript will be made available on the main author's 3 3 6
GitHub (https://github.com/carineemer/network_area). interactions per species and was used as a fixed parameter to control for differences in sampling 5 4 8 effort among studies. Only models with delta AICc < 2 were selected as plausible explanations 5 4 9
for the observed patterns (see Table S1 for full model selection). wAICc gives an estimate of the 5 5 0
probability of that given model to be the best choice under the AICc criteria. r 2 gives an 5 5 1 estimation of the variance explained by the optimal model while the coefficient t corresponds to 5 5 2 the importance of that parameter within the model (t > 2 indicates the coefficient is significant 5 5 3
with > 95% confidence). 
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